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Abstract
Selected ZEUS results on the proton and the photon structures
are presented. A short outline of the future measurements, the HERA
machine and the ZEUS detector status is given.
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1 Introduction
During the first decade HERA was predominantly run with 27.5 GeV lep-
tons against 820 GeV protons. From 1998 on, the proton beam energy was
increased to 920 GeV. During this time HERA reached the record value of
the instantaneous luminosity L = 2 · 1031 sec−1cm−2. The ZEUS detector [1]
collected 110 pb−1 of the integrated luminosity out of which about 16 pb−1
were taken with the electron beam.
For the neutral current (NC) reaction, ep → e′ + X , the four-momentum
transfer can be calculated as Q2 = −q2 = −(k − k′)2 where k and k′ are
the incident and the scattered lepton four-momentum, respectively. The
fraction x of the proton momentum carried by the struck quark is x =
Q2/(2P · q) with P denoting the proton four-momentum. The inelasticity is
y = (q · P )/(k · P ) and W 2 = (q + P )2 measures the energy of the hadronic
system.
The HERA experiments extended the kinematic range by more than two
orders of magnitude in both, x and Q2 with respect to that accessible to the
earlier, fixed target experiments.
2 Proton Structure
The neutral current cross section can be written in terms of the structure
functions F2, FL and xF3 as
dσe
±p
dxdQ2
=
2piα2
xQ4
[
Y+F2(x,Q
2)− y2FL(x,Q
2)∓ Y−xF3(x,Q
2)
]
where Y± = 1± (1− y)
2. For Q2 values much below the Z0 mass the parity
violating xF3 is negligible. In LO QCD F2 can be interpreted as a sum of the
quark contributions weighted with the quark charge squared. For large Q2
and not to small x the contribution of the longitudinal function FL is small.
The ZEUS high precision data on F2 are presented in Fig. 1 together with
the fixed target experiments data. One can observe that F2 slightly decreases
with Q2 for high x reflecting q → qg transitions. It becomes approximately
Q2 independent for x ≈ 0.2 and steeply increases with Q2 for decreasing x.
This strong scaling violation reflects the influence of the g → qq splitting.
These data were used in the NLO DGLAP analysis [2] to determine the
parton distributions. The analysis was performed for 6.5 · 10−5 < x < 0.65,
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Figure 1: The ZEUS NLO QCD fit compared to the ZEUS 96/97 and fixed-
target F2 data.
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Figure 2: The ZEUS NLO QCD fit compared to the ZEUS high precision
low Q2 data.
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2.5 < Q2 < 30000 GeV2 and to diminish the higher twist contribution
W 2 > 20 GeV was required. The evolution was carried out in terms of
the singlet, non - singlet and gluon distributions. Fixed - target data were
used to constrain the fits at high x and provide information on the valence
distributions and the flavor composition of the sea.
The data are very well described by the fits. It was checked that the ZEUS
NLO parametrisations of the parton distributions are in good agreement with
other [3, 4] parametrisations. The gluon distribution was found to be valence
like at small Q2 and for increasing Q2 it shows very strong increase with
decreasing x. The sea distribution is flat at small Q2 and it increases with
decreasing x for higher values of Q2. However, this increase is much weaker
than the one seen in case of the gluon distribution. The longitudinal structure
function FL is valence like for relatively small Q
2. At Q2 ≈ 1 GeV2 it appears
to be negative however compatible with zero within the errors. The fit results
were compared to high precision low Q2 data [5]. This comparison is shown
in Fig. 2. The data are well reproduced for Q2 & 1.5 GeV2. Below, the
discrepancies between the data and the fit results are large. Also, FL shows
a non-physical behaviour for small Q2. This clearly shows limitations of the
DGLAP fit application.
Figure 3: The differential e±p NC cross sections compared to the SM expec-
tations evaluated using CTEQ5D PDF.
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The neutral current cross section was measured for Q2 > 185 GeV2 [6].
The data are presented in Fig. 3 together with the Standard Model (SM)
predictions. A clear dominance of the photon exchange is seen for Q2 ≤ 3000
GeV2. Above this value the γ−Z0 interference becomes visible. The data are
well described by the the parametrisations and the ZEUS NLO fit results.
However, particularly, for high Q2 they are statistically limited. The xF3
structure function was extracted for Q2 > 3000 GeV2 and was found to be
well described by the SM motivated parametrisations.
ZEUS
ZEUS e-p 98-99
ZEUS NLO QCD fit
Q2 (GeV2)
ds
/dQ
2  (
pb
 / G
eV
2 )
10
-5
10
-4
10
-3
10
-2
10
-1
10 3 10 4
0.5
1
1.5
10 3 10 4
10
-1
1
10
10 2
10 3
10 -2 10 -1 1
CTEQ5D
MRST(99)
x
ds
/dx
 (p
b)
1
10 -2 10 -1 1
0.5
1.5
0
50
100
150
200
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
y
ds
/dy
 (p
b)
0.6
0.8
1
1.2
1.4
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Figure 4: The e−p CC cross sections compared to the ZEUS NLO QCD fit,
CTEQ5D and MRST(99) PDFs. The insets show the ratios of the measured
cross sections to the SM expectations evaluated using ZEUS NLO QCD fit.
The cross section for the charged current (CC) reaction, ep → ν + X ,
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was measured for Q2 > 200 GeV2 [7]. The data together with the ZEUS
NLO and other parametrisations are shown in Fig. 4. The data are very well
described by the parametrisations over several orders of magnitude. They
were used to extract value of the mass of the W boson – MW . The fit was
performed to the shape of the cross section. In the fit the Fermi constant
was fixed to its PDG value GF = 1.11639 · 10
−5 GeV−2 [8]. The fit yielded
MW = 80.3±2.1(stat.)±1.2(syst.)±1.0(pdf) GeV for the electron data.This
value well compares to the positron data result of: MW = 81.4
+2.7
−2.6(stat.) ±
2.0(syst.)+3.3
−3.0(pdf) GeV [9], the PDG value: MW = 80.422± 0.047 GeV and
to the H1 result [10].
3 Photon Structure
In photoproduction at HERA a quasi – real photon emitted by the electron
interacts with a proton. The LO QCD divides such interactions into two
classes. In resolved processes a photon acts as source of partons and only
a fraction of its momentum, xγ , participates in hard scattering. In direct
processes the photon interacts via the boson – gluon fusion or the QCD
Compton and acts as a point-like particle with xγ ≈ 1. The measurements of
the jet cross section in photoproduction [11, 12] are sensitive to the proton
and photon structures, and to the dynamics of the hard sub-process.
Since xγ is not measured directly then x
obs
γ - the fraction of the photon
momentum participating in the production of the two highest energy jets
was introduced [13]
xobsγ =
Ejet1T e
−ηjet1 + Ejet2T e
−ηjet2
2 y Ee
where Ejet1,2T are the transverse energies of the jets in the LAB frame, ηjet1,2
are the jets pseudorapidities and y is the fraction of the lepton energy, Ee,
carried by photon in the proton rest frame. In the LO QCD xobsγ = xγ . It was
shown [11] that the resolved component dominated region for xobsγ < 0.75.
Above this value the direct component dominates.
The distribution of angle, Θ∗, between the jets in the parton – parton CMS
is sensitive to the form of the matrix element. For direct processes, mediated
by the quark, the distribution dσ/d cosΘ∗ ∼ (1 − cosΘ∗)−2. If the process
is mediated by the gluon exchange, like in case of the resolved component,
then dσ/d cosΘ∗ ∼ (1 − cosΘ∗)−1. Fig. 5 shows the angular distributions
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Figure 5: The | cos θ∗| distribution for jets for the resolved (xobsγ < 0.75) and
direct (xobsγ > 0.75) components dominated regions, and comparison of the
shapes of the | cos θ∗| distributions (left bottom).
in the resolved and direct component dominated regions together with the
NLO QCD predictions of [14] which include different parametrisations of the
photon PDFs: GRV-HO [15] and APG-HO [16]. The CTEQ5M1 [17] proton
PDF was used in the calculations and the hadronisation corrections were
estimated with HERWIG [18] and PYTHIA [19] Monte Carlos.
For xobsγ < 0.75 the data are underestimated by the calculations’ results by
about 10-20%. The GRV-HO delivers better description of the data. For
xobsγ > 0.75 the data are well reproduced by the calculations. The shapes
of the angular distributions for both regions are compared in Fig. 5 (left
bottom). Also the results of the NLO calculations are shown. In general
the data are well reproduced by the calculations. The distribution measured
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for xobsγ < 0.75 is steeper than the one for x
obs
γ > 0.75. This confirms the
differences in the dominant propagators.
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Figure 6: The cos θ3 distribution for the high jets mass region (M4j > 50
GeV) (left) and for “inclusive” sample (right).
The photon structure can also be looked at in multi-jet events. The four
jet production is sensitive to QCD at α3s and to the multi-parton interactions
in the final state. Since it is difficult to manipulate four objects then the
number of jets is reduced. Namely, two jets with the lowest invariant mass
are combined into one. Afterward, the jets are re-ordered in energy. The dy-
namics is investigated looking at the distribution of cosΘ3, the angle between
the proton and the most energetic jet directions. This distribution is shown
in Fig. 6 together with the MC models’ predictions.In the “perturbative”
region, for the four-jet mass M4j > 50 GeV, the distribution is peaked in
the forward and backward directions. The data are well described by the
shown MC irrespectively whether or not the multi-parton interaction (MPI)
option is included into the calculations. In case of the “inclusive” sample the
distribution increases with increasing cosΘ3. The data are well described by
the MC models with the MPI option included. The HERWIG without the
MPI fails to reproduce the data.
The total cross section for the photoproduction was recently re-measured
[20]. The data used came from dedicated runs. This allowed the control
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and reduction of the systematic errors. The total cross section measured at
W = 209 GeV was found to be
σγ pToT = 174± 1(stat.)± 13(syst.)µb.
The result is compatible with the H1 result [21] and the value predicted by
the Donnachie and Landshoff [22].
4 Future Plans
The increase of the luminosity and the longitudinal polarisation for ZEUS
and H1 are the main goals of the HERA upgrade programme. These goals
are achieved by the introduction of the mini beta focusing scheme (about
3.5 times increase in luminosity) and the spin rotators. It is expected to
collect 1000 pb−1 during few years of running. The luminosity will be shared
equally between the different lepton beam charges and polarisations. Runs
with decreased proton beam energy for the FL and high x measurements are
foreseen. Presently, the main stress is put on the background reduction in
the experimental areas and the beams’ currents increase.
The physics programme was discussed in great detail in [23]. Below only few
examples are given. In general the precision tests require 3-10 times increase
in the luminosity. Longitudinal polarisation of the lepton beam will help to
pin down some problems.
As an example, the influence of the degree of polarisation, P, on the light
quark coupling determination [24] is presented in Fig. 7. The anticipated size
of the error on the u quark coupling decreases significantly with increasing
degree of the lepton beam polarisation. Possible new physics can demon-
strate itself by a deviation from the linear dependence of the charged current
cross section on the polarisation. Hera is also a potential source of its “own”
particle density functions. The PDFs measurement within a single experi-
ment over whole phase space offers a unique possibility of the understanding,
control and uniform treatment of systematic effects. Such measurements re-
quire improved measurement and reconstruction of the kinematics especially
at high x and Q2. Since the tracks in such events are collimated in the for-
ward (proton) direction the detector performance in this region has to be
improved. Improvements of the vertexing and tracking will play important
role in the heavy quark studies after the upgrade. Presently, the measure-
ment of the F cc¯2 [25] suffers from the statistical limitations of the data sample.
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Figure 7: Sensitivity of the errors on the u quark coupling to beam polarisa-
tion, P (from [24]).
It is clear that the precise tracking and secondary vertex finding will improve
the measurement. It will also help to resolve the problem of the discrepancy
between the data and the NLO calculations of the b quark production.
The ZEUS detector upgrade followed the physics programme. A new sili-
con micro-vertex detector (MVD) [26] and the forward, straw–tube tracker
(STT) [27] were installed. The MVD covers range of 10 – 160 degrees of the
polar angle. It consists of three forward wheels and the barrel part centered
on the interaction point. This detector will be used for the precise tracking
and the reconstruction of displaced vertices. The device will be used for the
study of the heavy flavor production and will improve the charged current
physics. The second device, the STT, has four layers of the highly efficient,
straw tube drift chambers. It extends the tracking range by more than a unit
in pseudorapidity and covers the range of 5 – 25 degrees of the polar angle.
Good tracking and vertexing abilities will help in the electroweak and exotics
studies with high x and Q2 events. It will be complementary to the MVD
for the heavy flavor studies. Also the vector meson and the QCD studies will
profit from the extension of the W range.
Presently the ZEUS detector is tested and waiting for the data taking period.
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